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RUBBER COMPOSITION AND PNEUMATIC TIRE USING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates to a rubber composition and a pneumatic tire 
using the same, and more particularly to a rubber composition capable of using in 
5 a tire tread to improve a resistance to thermal fatigue without deteriorating a high 
steering stability on a dry road surface (dry gripping property). 

2. Description of Related Art 

[0002] The tire tread is required to have a high steering stability on a dry 
road surface (dry gripping property). In order to improve the dry gripping 

10 property, an amount of an oil component such as a resin, an aromatic oil, a liquid 
polymer or the like has hitherto been increased in a rubber composition for the 
tread. However, as the amount of the oil component is increased, a resistance to 
dynamically thermal fatigue is lowered and hence there is a problem that cracks 
are apt to be easily caused by heat generation and deformation of an interior of 

15 the tire during the running of the tire. 

[0003] In regard to this problem, it is considered to use a thiuram compound, 
a metal salt of dithiocarbamic acid, a metal salt of dithiophosphoric acid or the 
like as a vulcanization accelerator capable of increasing monosulfide for mainly 
improving a thermally stability in crosslinking (JP-A-5-262916 and JP-A-2001- 

20 316527). However, as the compounding amount of such a compound is too large, 
the statically heat resistance is improved, but there is a problem that the fatigue 
resistance lowers and hence the resistance to thermal fatigue is not improved. 
[0004] Also, it is considered to use a heat-resistant crosslinking agent such as 
phenylene bismaleimide, PK900 (N,N'-m-xylene-bis-citraconimide), sodium 1,6- 

25 hexamethylene dithiosulfate bihydrate or the like (JP-A-2000-301908). Such a 
compound is excellent in the reactivity to natural rubber and isoprene rubber, but 
is low in the reactivity to polybutadiene rubber and styrene-butadiene copolymer 
rubber having a high content of vinyl bond. Therefore, even if a greater amount 
of this compound alone is compounded with a rubber component having a high 

30 content of vinyl bond, there is a problem that the resistance to thermal fatigue is 
not improved. 
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[0005] As mentioned above, there is not yet provided a technique capable of 
largely improving the resistance to thermal fatigue in the tire while maintaining 
the high dry gripping property. 

SUMMARY OF THE INVENTION 
5 [0006] It is, therefore, an object of the invention to solve the aforementioned 
problems of the conventional technique and to provide a rubber composition 
capable of using in a tire tread to improve the resistance to thermal fatigue while 
maintaining the high gripping property of the tire as well as a high performance 
tire using such a rubber composition in a tread. 

10 [0007] The inventors have made various studies in order to achieve the above 
object and found that rubber compositions capable of improving the resistance to 
thermal fatigue while maintaining the high gripping property of the tire can be 
obtained by compounding a specified vulcanization accelerator and a specified 
vulcanizing agent with a specified rubber component, and as a result, the 

15 invention has been accomplished. 

[0008] According to the invention, there is the provision of a rubber composi- 
tion comprising (1) a rubber component including at least one of polybutadiene 
rubber and a styrene-butadiene copolymer rubber having a content of vinyl bond 
of not less than 30%, preferably not less than 40%, (2) at least one compound 

20 selected from a compound represented by the following formula (I), a compound 
represented by the following formula (II), a compound represented by the follow- 
ing formula (III) and a compound represented by the following formula (IV), and 
(3) an organic thiosulfate compound represented by the following formula (V): 

^NC— S— S— CN^ •••••(!) 

wherein R\ R^, R^ and R** are independently a straight or branched alkyl group 
25 having a carbon number of 3-12 or an aralkyl group having a carbon number of 
7-12; 

S 





NC-SH (II) 
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wherein and are independently a straight or branched alkyl group having a 
carbon number of 7-12 or an aralkyi group having a carbon number of 7-12, and 

is a bivalent or polyvalent metal and n is a number equal to an atomic valence 
of M^; 

R'' I f 
„"^NC-S-S-(CH2)6-S-S-CN<^ (HI) 

\r10 

wherein r', R*, R^ and R^** are independently a straight or branched alkyl group 
having a carbon number of 3-12 or an aralkyi group having a carbon number of 
7-12; 




(IV) 



wherein R^^ and R^^ are independently a straight or branched alkyl group having a 
carbon number of 1-18 or a cycloalkyl group having a carbon number of 5-12, and 
10 M' is zinc, copper or iron and m is a number equal to an atomic valence of M'; 

M^OsS - S . (CH2)o - S - SOaM^ (V) 

wherein o is a number of 3-10 and is one equivalent of lithium, potassium, 
sodium, magnesium, calcium, barium, zinc, nickel or cobalt, provided that the 
compound may contain crystal water. 

[0009] In the rubber composition of the invention, it is preferable that R^, R^, 
15 R^ and R"^ in the formula (I) are independently a straight or branched alkyl group 
having a carbon number of 8-12, Preferably, each of R^ R", R^ and R"* is 2- 
ethylhexyl group. 

[0010] In the rubber composition of the invention, it is preferable that R^^ 
and R^" in the formula (IV) are independently a straight or branched alkyl group 
20 having a carbon number of 2-8. Preferably, each of R^^ and R^" is isopropyl 
group or n-butyl group. 

[0011] In the rubber composition of the invention, it is preferable that the 
styrene-butadiene copolymer rubber has a bound styrene content of 20-60 mass%. 
Preferably, the bound styrene content is 30-45 mass%. 
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[0012] In the rubber composition of the invention, it is preferable that a 
content of the styrene-butadiene copolymer rubber (SBR) in the rubber 
component is 50-100 mass%. Preferably, the content of the SBR in the rubber 
component is 70-100 mass%. 
5 [0013] In the rubber composition of the invention, the organic thiosulfate 
compound represented by the formula (V) is preferable to be sodium 1,6- 
hexamethylene dithiosulfate dihydrate. 

[0014] In the rubber composition of the invention, it is preferable that a total 
amount of the compound of the formula (I), the compound of the formula (II) and 
10 the compound of the formula (III) is 0.5-10 parts by mass based on 100 parts by 
mass of the rubber component. Particularly, an amount of the compound of the 
formula (I) is 0.5-10 parts by mass, preferably 1-7 parts by mass based on 
100 parts by mass of the rubber component. 

[0015] In the rubber composition of the invention, it is preferable that an 
15 amount of the compound of the formula (IV) is 0.1-5 parts by mass based on 
100 parts by mass of the rubber component. Preferably, the amount of the 
compound of the formula (IV) is 2-6 parts by mass. 

[0016] In the rubber composition of the invention, it is preferable that an 
amount of the compound of the formula (V) is 1-10 parts by mass based on 
20 100 parts by mass of the rubber component. Preferably, the amount of the 
compound of the formula (V) is 2-6 parts by mass. 

[0017] According to the invention, there is the provision of a pneumatic tire 
characterized by using the aforementioned rubber composition in a tread. In the* 
tire according to the invention, a gas to be filled in the tire includes normal air, 
25 air having a changed partial oxygen pressure, and an inert gas such as nitrogen 
gas or the like. 

DETAILED DESCRIPTION OF THE INVENTION 
[0018] The invention will be described in detail below. The rubber 
composition according to the invention is constituted by compounding (1) a 
30 rubber component including at least one of polybutadiene rubber and styrene- 
butadiene copolymer rubber having a content of vinyl bond of not less than 30% 
with (2) at least one compound selected from a compound represented by the 
formula (I), a compound represented by the formula (II), a compound represented 
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by the formula (III) and a compound represented by the formula (IV) and (3) an 
organic thiosulfate compound represented by the formula (V). 
[0019] The organic thiosulfate compound of the formula (V) is high in the 
reactivity to natural rubber or cis-l,4-polybutadiene rubber, but is low in the 
5 reactivity to polybutadiene rubber or styrene-butadiene copolymer rubber having 
a high content of vinyl bond, so that it does not sufficiently act as a vulcanizing 
agent to the rubber component having a high content of vinyl bond and hence it 
can not improve the resistance to thermal fatigue in the rubber composition. 
In the rubber composition according to the invention, however, the compound 

10 represented by any of the formulae (I) to (IV) is compounded as a vulcanization 
accelerator and promotes the reaction between the rubber component having a 
high content of vinyl bond and the organic thiosulfate compound, so that the 
resistance to thermal fatigue is considerably improved. 
[0020] The rubber component used in the rubber composition of the 

15 invention includes at least one of polybutadiene rubber (BR) and styrene- 
butadiene copolymer rubber (SBR) having a content of vinyl bond of not less 
than 30%, preferably not less than 40%. In this case, the styrene-butadiene 
copolymer rubber is preferable to have a content of bound styrene unit, i.e. a 
bound styrene content of 20-60 mass%. When the bound styrene content of the 

20 styrene-butadiene copolymer rubber is less than 20 mass%, a desired gripping 
force at low temperature zone and high temperature zone can not be obtained, 
while when it exceeds 60 mass%, a block rigidity becomes excessively high and 
an amount of the tread rubber biting into a road surface decreases and hence the 
desired gripping force can not be obtained. Particularly, the styrene-butadiene 

25 copolymer rubber is preferable to have a bound styrene content of 30-45 mass% 
because the effects become conspicuous in this range. Moreover, the content of 
vinyl bond can be determined by analyzing a microstructure through an infrared 
spectrometry (Morero process), and the bound styrene content can be determined 
by calculating an integral ratio of ^H-NMR spectrum. The styrene-butadiene 

30 copolymer rubber may be synthesized by any polymerization method such as 
emulsion polymerization, solution polymerization and the like. Further, oil- 
extended ones can be preferably used as BR and SBR having a high content of 
vinyl bond. As Br and SBR having a high content of vinyl bond are extended 
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with an oil, the milling can be carried out easily and surely without causing 
slippage in case of using a Banbury mixer or the like. The content of SBR in 
the rubber component is preferably 50-100% by mass, more preferably 70-100% 
by mass. 

5 [0021] As the rubber component, natural rubber (NR), isoprene rubber (IR), 
acrylonitrile-butadiene rubber (NBR), chloroprene rubber, ethylene-propylene 
rubber (EPM), ethylene-propylene-diene terpolymer, butyl rubber, acrylic rubber 
or the like may be blended with the above BR and SBR having a high content of 
vinyl bond. 

10 [0022] In the rubber composition according to the invention, the compound 
(thiuram compound) of the formula (I), the compound (dithiocarbamate 
compound) of the formula (II), the compound of the formula (III) and the 
compound (metal salt of dithiophosphoric acid) of the formula (IV) serve as a 
vulcanization accelerator, 

15 [0023] In the formula (I), R\ R", R^ and R^^ are independently a straight of 
branched alkyl group having a carbon number of 3-12 or an aralkyl group having 
a carbon number of 7-12. As the straight or branched alkyl group are mentioned 
2-ethylhexyl group, isoproyl group, isobutyl group, dodecyl group and so on. 
As the aralkyl group are mentioned benzyl group and so on. When the carbon 

20 number of the alkyl group is less than 3, the dispersion into the rubber component 
becomes poor and the heat resistance is deteriorated, while when the carbon 
number exceeds 12, the curing rate is considerably delayed. As the compound 
of the formula (I) are concretely mentioned tetrakis-2-ethylhexyl thiuram 
disulfide, tetrakis-isopropyl thiuram disulfide, tetrakis-isobutyl thiuram disulfide, 

25 tetrakis-dodecyl thiuram disulfide, tetrakis-benzyl thiuram disulfide and so on. 

[0024] In the formula (II), R^ and R^ are independently a straight of branched 
alkyl group having a carbon number of 7-12 or an aralkyl group having a carbon 
number of 7-12. As the straight or branched alkyl group are mentioned 2- 
ethylhexyl group, dodecyl group and so on. As the aralkyl group are mentioned 

30 benzyl group and so on. When the carbon number is less than 7, the dispersion 
into the rubber component becomes poor and the heat resistance is deteriorated, 
while when the carbon number exceeds 12, the curing rate is considerably 
delayed. Also, is a bivalent or polyvalent metal, and n is a number equal to 
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an atomic value of M . As the metal are mentioned zinc, antimony, iron, copper, 
nickel, lead, tellurium and so on. Among them, zinc is preferable. As the 
compound of the formula (II) are concretely mentioned zinc 2-ethylhexyl 
dithiocarbamate, zinc dodecyl dithiocarbamate, zinc benzyl dithiocarbamate and 
5 so on. 

[0025] In the formula (III), R^, R^, R^ and R^° are independently a straight of 
branched alkyl group having a carbon number of 3-12 or an aralkyl group having 
a carbon number of 7-12. As the straight or branched alkyl group are mentioned 
2-ethylhexyl group, isopropyl group, isobutyl group, dodecyl group and so on. 

10 As the aralkyl group are mentioned benzyl group and so on. When the carbon 
number of the alkyl group is less than 3, the dispersion into the rubber component 
becomes poor and the heat resistance is deteriorated, while when the carbon 
number exceeds 12, the curing rate is considerably delayed. As the compound 
of the formula (III) are concretely mentioned l,6-bis(N,N'-dibenzyl 

15 thiocarbamoyldithio)-hexane, l,6-bis(N,N'-di(2-ethylhexyl) 
thiocarbamoyldithio)-hexane and so on. 

[0026] The compound of the formula (III) includes a part of the structure of 
the formula (I) and a part of the structure of the formula (V), so that it serves as 
not only the vulcanization accelerator but also the vulcanizing agent. For this 
20 end, when the rubber composition contains the above BR and/or SBR having a 
high content of vinyl bond and the compound of the formula (III), even if the 
compound of the formula (V) is not compounded, the resulting rubber compo- 
sition can develop a high dry gripping property and a high resistance to thermal 
fatigue. 

25 [0027] Among the compounds of the formulae (I) to (III), the thiuram 

compounds having an alkyl group are preferable in view of the heat resistance, 
fracture resistance and cost, and tetrakis-2-ethylhexyl thiuram disulfide is most 
preferable. 

[0028] In the formula (IV), R" and R^" are independently a straight or 
30 branched alkyl group having a carbon number of 1-18 or a cycloalkyl group 

having a carbon number of 5-12. As R^^ and R^", a straight or branched alkyl 
group having a carbon number of 2-8 is preferable, and a straight or branched 
alkyl group having a carbon number of 3-4 is further preferable, and isopropyl 
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group and n-butyl group are most preferable. Also, M' in the formula (IV) is 
zinc, copper or iron, and particularly zinc is preferable. Moreover, m is a 
number equal to an atomic value of M'. The compounds shown by the formula 
(IV) may be used alone or in a combination of two or more. As the compound 
5 of the formula (IV), zinc dithiophosphates are preferable in a point of providing a 
high resistance to thermal fatigue, and zinc dithiophosphates having a straight or 
branched alkyl group with a carbon number of 2-8 as R^^ and R^^ are most 
preferable. 

[0029] As the straight or branched alkyl group of R^^ and R^" are mentioned 
10 methyl group, ethyl group, propyl group, isopropyl group, butyl group, 4- 

methylpentyl group, 2-ethylhexyl group, octyl group, octadecyl group and so on. 
As the cycloalkyl group are mentioned cyclopentyl group, cyclohexyl group, 
cyclooctyl group and so on. 

[0030] As the zinc dithiophosphate are concretely mentioned zinc 0,0'- 

15 dibutyl dithiophosphate, zinc 0,0'-diisopropyl dithiophosphate, zinc 0,0'- 

dipropyl dithiophosphate, zinc 0,0'-diethyl dithiophosphate, zinc 0,0'-dimethyl 
dithiophosphate, zinc 0,0'-bis(2-ethylhexyl) dithiophosphate, zinc 0,0'-bis(4- 
methylpentyl) dithiophosphate, zinc 0,0'-dioctadecyl dithiophosphate, zinc 
0,0'-dioctyl dithiophosphate, zinc 0,0'-dicyclohexyl dithiophosphate and so on. 

20 Among them, zinc 0,0'-dibutyl dithiophosphate, zinc 0,0'-diisopropyl 
dithiophosphate and zinc 0,0'-dioctyl dithiophosphate are preferable. 
[0031] As copper dithiophosphate are mentioned copper 0,0'-dioctadecyl 
dithiophosphate, copper 0,0* -dibutyl dithiophosphate, copper 0,0'-diisopropyl 
dithiophosphate, copper 0,0'-dipropyl dithiophosphate, copper 0,0' -diethyl 

25 dithiophosphate, copper 0,0'-dimethyl dithiophosphate, copper 0,0'-bis(2- 

ethylhexyl) dithiophosphate, copper 0,0'-bis(4-methylpentyl) dithiophosphate, 
copper 0,0'-dicyclohexyl dithiophosphate and so on. 
[0032] As iron dithiophosphate are mentioned iron 0,0'-dibutyl 
dithiophosphate, iron 0,0'-diisopropyl dithiophosphate, iron 0,0'-dipropyl 

30 dithiophosphate, iron 0,0'-diethyl dithiophosphate, iron 0,0'-dimethyl 

dithiophosphate, iron 0,0'-bis(2-ethylhexyl) dithiophosphate, iron 0,0'-bis(4- 
methylpentyl) dithiophosphate, iron 0,0'-dioctadecyl dithiophosphate, iron 
0,0'-dicyclohexyl dithiophosphate and so on. 
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[0033] A total compounding amount of the compound of the formula (I), the 
compound of the formula (II) and the compound of the formula (III) is 
0.5-10 parts by mass based on 100 parts by mass of the rubber component. 
When the total compounding amount of these compounds is less than 0.5 part by 
5 mass, the effect of sufficiently activating the compound of the formula (V) is not 
obtained, while when it exceeds 10 parts by mass, the fracture properties of the 
rubber composition lower. In this case, a compounding amount of the 
compound of the formula (I) is preferably 0.5-7 parts by mass, more preferably 
1-7 parts by mass. 

10 [0034] A compounding amount of the compound of the formula (IV) is 

0.1-5 parts by mass, preferably 0.2-2 parts by mass based on 100 parts by mass of 
the rubber component. When the compounding amount of the compound of the 
formula (IV) is less than 0.1 part by mass, the effect of sufficiently activating the 
compound of the formula (V) is not obtained, while when it exceeds 5 parts by 

15 mass, the effect by the addition of such a compound is saturated and also the 
scorching time of the rubber composition is shortened to lower the operability. 
[0035] The production method of the compound of the formula (IV) is not 
particularly limited. This compound is usually obtained by gradually adding 
sodium hydroxide to an aqueous solution of dithiophosphoric acid to form 

20 sodium dithiophosphate, adding a solution of zinc, copper or iron chloride in 

acetone dropwise thereto and then purifying and drying the resulting precipitate. 
[0036] In the rubber composition according to the invention, the compound 
of the formula (IV) may be used alone as a vulcanization accelerator, but is 
preferable to be used together with a benzothiazole derivative in view of the 

25 prolonging of a Mooney scorch time. In this case, the benzothiazole derivative 
is preferable to include 2-benzothiazyl sulfenamides and 2-benzothiazyl 
sulfenimides. As the benzothiazole derivative, mention may be made of 2- 
mercaptobenzothiazole, dibenzothiazyl disulfide, N-cyclohexyl-2-benzothiazyl 
sulfenamide, N,N-dicyclohexyl-2-benzothiazyl sulfenamide, N,N-diisopropyl-2- 

30 benzothiazyl sulfenamide, N-t-butyl-2-benzothiazyl sulfenamide, N-t-butyl-2- 
benzothiazyl sulfenimide, N-cyclohexyl-2-benzothiazyl sulfenimide, 4,4*- 
dimethyldibenzothiazyl disulfide, N-oxydiethyl'ene-benzothiazyl sulfenimide and 
so on. Among them, N-t-butyl-2-benzothiazyl sulfenamide, N-cyclohexyl-2- 
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benzothiazyl sulfenamide, N-t-butyl-2-benzothiazyl sulfenimide, N-cyclohexyl- 
2-benzothiazyl sulfenimide and the like are preferable in view of their effects. 
[0037] The rubber composition according to the invention contains the 
organic thiosulfate compound of the formula (V) together with sulfur as a 
5 vulcanizing agent. A total compounding amount of the mixture as the 
vulcanizing agent is within a range of 1.0-10.0 parts by mass, preferably 
2.0-6.0 parts by mass based on 100 parts by mass of the rubber component. 
When the total compounding amount of the vulcanizing agent is less than 1.0 part 
by mass, the sufficient modulus of elasticity can not be ensured, while when it 

10 exceeds 10,0 parts by mass, the elongation at break lowers and the resistance to 
rib chipping considerably lowers. Also, the compounding amount of the 
compound of the formula (V) is preferable to be 1.0-10.0 parts by mass, more 
preferably 2.0-6.0 parts by mass based on 100 parts by mass of the rubber 
component. When the compounding amount of the compound of the formula 

15 (V) is less than 1.0 part by mass, the resistance to thermal fatigue can not be 

sufficiently improved, while when it exceeds 10.0 parts by mass, the elongation 
at break lowers and the resistance to rib chipping considerably lowers. 
[0038] In the formula (V), the number of methylene chains represented by o 
is required to be 3-10. When the number is less than 3, the effect of improving 

20 the resistance to thermal fatigue can not be sufficiently obtained, while when it 
exceeds 10, the effect of improving the resistance to thermal fatigue is small 
though the molecular weight increases. Moreover, the number of methylene 
chains is preferable to be 3-6 from a viewpoint of the control of intermolecular 
cyclizing reaction. Also, is one equivalent of lithium, potassium, sodium, 

25 magnesium, calcium, barium, zinc, nickel or cobalt, but potassium, sodium and 
so on are preferable considering the easiness of availability and effect. 
The compound of the formula (V) may be a hydrate containing crystalline water 
in its molecule. As the compound of the formula (V) are concretely mentioned 
a sodium salt monohydrate, a sodium salt dihydrate and so on, but a derivative of 

30 sodium thiosulfate, e.g. sodium 1,6-hexamethylene ditiosulfate dihydrate is 
preferable from a viewpoint of economical reasons. The organic thiosulfate 
compounds of the formula (V) may be used alone or in a combination of two or 
more. 
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[0039] Furthermore, the rubber composition according to the invention is 
preferable to contain carbon black having a nitrogen adsorption specific surface 
area (N2SA) of 80-280 mVg as a filler. When the nitrogen adsorption specific 
surface area of carbon black is less than 80 m"/g, the sufficient modulus of 
5 elasticity is not obtained and the wear resistance is deteriorated, while when it 
exceeds 280 m^/g, the improvement of the gripping force and the wear resistance 
is not expected and also the milling operability is deteriorated. As the carbon 
black, use may be made of commercially available carbon black HAF, IS AF, SAF 
and so on. Among them, carbon black SAF is preferable from a viewpoint that 
10 the gripping force on a wet road surface at a low temperature zone is established 
with the gripping force on a wet road surface or a semi-wet road surface at a high 
temperature zone. The carbon blacks may be used alone or in a combination of 
two or more. 

[0040] The compounding amount of carbon black is preferably 70-200 parts 

15 by mass, more preferably 95-130 parts by mass based on 100 parts by mass of the 
rubber component. When the compounding amount of carbon number is less 
than 70 parts by mass, the dry gripping property and modulus of elasticity (E') of 
the rubber composition are insufficient, and the general properties such as 
strength and the like are not sufficient, and also the ground contact property is 

20 deteriorated to cause the deterioration of lap time. While, when it exceeds 
200 parts by mass, the rubber composition is too hard and the wear resistance 
lowers and further the workability of the rubber composition is deteriorated. 
[0041] Moreover, it is preferable that C9 aromatic petroleum resin and/or 
alkylphenolic resin is compounded with the rubber composition. The term "C9 

25 aromatic petroleum resin" used herein means a polymer of C9 aromatic monomer. 
As the Cg aromatic monomer are mentioned vinyltoluene, a-methylstyrene, 
cumarone, indene and so on. The Cg aromatic monomers may be used alone or 
in a combination of two or more. As the alkylphenolic resin are mentioned 
alkylphenol-acetylene resins such as p-t-butylphenol-acetylene and the like, 

30 cresols, xylenols and alkylphenol-formaldehyde resins including p-t-butylphenol, 
p-t-octylphenol and the like. These resins are preferable to have a softening 
point of 60-150**C. When the softening point of the resin is lower than 60*'C, 
the sufficient gripping force is not obtained on a wet road surface and a semi-wet 
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road surface at a high temperature zone, while when it exceeds 150°C, the resin 
is not uniformly dispersed in the milling and the wear resistance considerably 
lowers. These C9 aromatic petroleum resins and alkylphenolic resins may be 
used alone or in a combination of two or more. The compounding amount of 
5 the resin(s) is 3-50 parts by mass, preferably 5-40 parts by mass based on 

100 parts by mass of the rubber component. When the compounding amount of 
the resin(s) is less than 3 parts by mass, the effect of improving the wet 
performances such as gripping force and the like by the addition is not 
sufficiently obtained, while when it exceeds 50 parts by mass, the operability in 

10 the milling of the rubber composition is considerably deteriorated. 

[0042] In the rubber composition accprding to the invention, it is necessary 
that an extract with acetone-chloroform after the vulcanization is 30-270 parts by 
mass based on 100 parts by mass of the rubber component. When the extract is 
less than 30 parts by mass or exceeds 270 parts by mass, the improvement of the 

15 gripping force and wear resistance is not expected and the milling operability is 
deteriorated. The extract is preferable to be 30-200 parts by mass from a 
viewpoint of simultaneous establishment of the gripping force, wear resistance 
and milling operability. 

[0043] In addition to the above rubber component, vulcanization accelerator, 
20 vulcanizing agent, carbon black, C9 aromatic petroleum resin and alkylphenolic 
resin, the rubber composition according to the invention may be properly 
compounded with various additives usually used in the rubber industry such as 
oiling agent, inorganic filler, softening agent, vulcanization accelerator other than 
the above defined ones, accelerator activator, antioxidant, zinc oxide, stearic acid, 
25 antiozonant, coloring agent, antistatic agent, lubricant, coupling agent, foaming 
agent, foaming assistant and so on within a scope not damaging the object of the 
invention. As these additives, use may be preferably made of commercially 
available ones. 

[0044] The above oiling agent is not particularly limited and can be properly 
30 selected in accordance with the use purpose. As the oiling agent are preferable 
process oil, aromatic oil, naphthenic oil, paraffinic oil, ester oil, solution-like 
conjugated diene rubber, solution-like hydrogenated conjugated diene rubber and 
so on. As the oiling agent is included in the rubber composition, the fluidity of 
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the rubber composition can be controlled. That is, the viscosity of the rubber 
composition can be lowered to enhance the fluidity and hence the extrusion can 
be well conducted. 

[0045] The amount of the oiling agent to be compounded with the rubber 
5 composition inclusive of an amount of oil-extended portion when the above 
polybutadiene rubber and/or styrene-butadiene copolymer rubber is extended 
with an oil is preferably 35-200 parts by mass, more preferably 40-150 parts by 
mass based on 100 parts by mass of the rubber component. When the amount of 
the oiling agent is less than 35 parts by mass, the Mooney viscosity of the 
10 uncured rubber composition is extremely high to deteriorate the workability and 
the dry gripping property, while when it exceeds 200 parts by mass, the Mooney 
viscosity of the uncured rubber composition is extremely low to deteriorate the 
workability or the rubber after the vulcanization is too soft to deteriorate the wear 
resistance. 

15 [0046] The rubber composition according to the invention is produced by 
milling the aforementioned rubber component, vulcanization accelerator and 
vulcanizing agent and, if necessary, various additives properly selected, and 
warming up, extruding and vulcanizing them. 

[0047] The milling conditions are not particularly limited. The conditions 
20 such as charging volume into a milling apparatus, rotating velocity of a rotor, 

ram pressure, milling temperature, milling time, type of the milling apparatus and 
so on can be properly selected in accordance with the purpose. As the milling 
apparatus are mentioned a Banbury mixer usually used in the milling of the 
rubber composition, an intermix, kneader, and so on. 
25 [0048] The warming-up conditions are not particularly limited. The con- 
ditions such as warming temperature, warming time, warming apparatus and so 
on can be properly selected in accordance with the purpose. As the warming 
apparatus are mentioned a roll machine usually used in the warming of the rubber 
composition, and so on. 
30 [0049] The extruding conditions are not particularly limited. The conditions 
such as extruding time, extrusion rate, extrusion apparatus, extruding temperature 
and so on can be properly selected in accordance with the purpose. As the 
extrusion apparatus are mentioned an extruder usually used in the extrusion of 
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the rubber composition for tires, and so on. The extruding temperature can be 
determined properly, 

[0050] The apparatus, system and conditions for the vulcanization are not 
. particularly limited and can be properly selected in accordance with the purpose. 
5 As the vulcanization apparatus are mentioned a mold vulcanizer usually used in 
the vulcanization of the rubber composition for tires, and so on. Among the 
vulcanizing conditions, the temperature is usually about lOO-lQC^C. 
[0051] The rubber composition according to the invention is suitable for a 
tread of a high-performance tire because the heat resistance, resistance to thermal 
10 fatigue and the like are improved while maintaining the high gripping property as 
previously mentioned. 

[0052] The pneumatic tire according to the invention is characterized by 
using the aforementioned rubber composition in a tire tread. The construction 
of the tire according to the invention is not particularly limited except that the 
15 above rubber composition is applied to the tread, and the construction of the 
known tire can be adopted as it is. 

[0053] As an example of the pneumatic tire according to the invention, there 
is mentioned a tire comprising a pair of bead portions, a pair of side portions, a 
tread portion, a carcass toroidally extending between the bead portions and a belt 
20 superimposed on a crown portion of the carcass. This tire may take a radial 
structure or a bias structure. 

[0054] The tread is not particularly limited in the structure and may be a 
single layer structure or a multi-layer structure. The tread may have a so-called 
cap-base structure consisting of a cap portion directly contacting with a road 

25 surface and a base portion arranged adjacent to the cap portion and inward in a 
radial direction of the tire. In the invention, it is preferable that at least the cap 
portion is made of the rubber composition according to the invention. 
[0055] The production method of the pneumatic tire according to the 
invention is not particularly limited. For example, such a tire can be produced 

30 by preparing the rubber composition according to the invention, laminating the 
rubber composition onto an uncured base portion previously piled on a crown 
portion of a green tire casing and vulcanization-building in a given mold under 
conditions of given temperature and pressure. 
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[0056] The following examples are given in illustration of the invention and 
are not intended as limitations thereof. 

[0057] (1) Measurement of time for resistance to thermal fatigue 
(Laboratory test) 

Various rubber compositions are prepared according to a compound- 
ing recipe shown in Tables 1 and 2 by using a Banbury mixer. Each of the 
resulting rubber compositions is vulcanized at 145°C for 45 minutes to form a 
vulcanizate sample and thereafter a fixed stress test is carried out by a flexometer 
according to JIS K6265 to measure a time until cracks are generated in an interior 
of the sample as a time for resistance to thermal fatigue, which is represented by 
an index on the basis that Comparative Example 1 is 100. The results are 
shown in Tables 1 and 2. Moreover, the larger the index value, the longer the 
time for resistance to thermal fatigue and the better the resistance to thermal 
fatigue. 

[0058] (2) Evaluation of resistance to thermal fatigue (Actual running test) 

Each of the above rubber compositions is used in a tire tread to 
prepare a tire for a passenger car having a tire size of 225/40R18. The thus 
obtained tire is mounted onto a test vehicle and run on a test circuit course over a 
given distance. After the running, the interior and appearance of the tire are 
observed to evaluate the resistance to thermal fatigue according to the following 
standards. Moreover, the actual running test is not carried out in Comparative 
Example 4 and Examples 2, 4, 7 and 10. The results are shown in Tables 1 
and 2. 

0 • • • state of generating no chunk 
-1 • • • state of generating crack of less than 0.5 mm in interior 
-2 • • • state of generating crack of not less than 0.5 mm in interior 
-3 • • • state of generating crack on outer surface 
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[0061] As seen from Table 1, the rubber compositions of Examples 1-14 
comprising SBR with a content of vinyl bond of not less than 30% as a rubber 
component and a vulcanization accelerator represented by any one of the 
formulae (I) to (III) and an organic thiosulfate compound of the formula (V) are 
5 long in the tire for resistance to thermal fatigue, and also the tires using these 
rubber compositions in the tread are higher in the resistance to thermal fatigue. 
On the other hand, the rubber compositions of Comparative Examples 2-6 not 
satisfying the conditions defined in the invention are insufficient in the 
improvement of the time for resistance to thermal fatigue as compared with that 
10 of Comparative Example 1, and also the tires using such rubber compositions in 
the tread are large in the occurrence of crack and insufficient in the resistance to 
thermal fatigue. 

[0062] As seen from Table 2, the rubber compositions of Examples 15-17 
comprising SBR with a content of vinyl bond of not less than 30% as a rubber 

15 component and a compound of the formula (IV) and an organic thiosulfate 

compound of the formula (V) are long in the tire for resistance to thermal fatigue, 
and also the tires using these rubber compositions in the tread are higher in the 
resistance to thermal fatigue. On the other hand, the rubber compositions of 
Comparative Examples 8-11 not satisfying the conditions defined in the 

20 invention are insufficient in the improvement of the time for resistance to thermal 
fatigue as compared with that of Comparative Example 7, and also the tires using 
such rubber compositions in the tread are large in the occurrence of crack and 
insufficient in the resistance to thermal fatigue. 

[0063]. According to the invention, there can be provided rubber composi- 
25 tions capable of using in a tire tread to improve tire durability such as resistance 
to thermal fatigue and the like while maintaining high gripping property. Also, 
there can be provided high-performance tires using such a rubber composition in 
a tire tread. 



03097 (2003-29,397 comb.) 



